Liver metastasis is the gravest prognostic factor in colorectal cancer. Toidentify a reliable indicator for livermetastasis, we evaluated macroscopic features and seven established histopathological findings at the cut section containing the deepest penetration using univariate andmultivariate analyses in 417colorectal cancers. Macroscopic features were divided into two types, streak type and non-streak type, according to the presence or absence of white streak(s) at the advancing margin of tumor invasion. Streak type was observed in 109 patients (26°/0). The frequency of liver metastasis in streak type tumors (56°/0) was significantly higher than that in non-streak type tumors (130/0) (p < 0.001). The whitestreak corresponded histologically withcancer cells showing focal dedifferentiation withmarked stromal andperivascular fibrosis extending towards the serosa or adventitia. In 343 curatively treated patients, univariate analysis showed that recurrent liver metastasis was significantly associated with macroscopic features, venous invasion, focal dedifferentiation and lymph node metastasis. Multivariate analysis disclosed that macroscopic features and lymph node metastasis were independent indicators of liver metastasis. These macroscopic features, corresponding histologically to stromal behavior against invading cancer cells, are a simple and useful indicator of livermetastasis of colorectal cancer.
INTRODUCTION
Liver metastasis is found in approximately one-third of patients with colorectal cancer and is an important cause of death (12) . Prediction of liver metastasis is important since high-risk patients may benefit from systemic or regional chemotherapy after operation (3) (4) (5) .
Liver metastasis of colorectal cancer correlates with several histopathological findings including lymph node metastasis (6) , deeper tumor penetration (7) , venous invasion (8, 9) , differentiation of tumor invasive region (10, 11) , growth pattern (12, 13) and host inflammatory cell reaction (14, IS) and molecular biological properties including laminin (16) , CD44 variants (17) , matrix metalloproteases (18) and sialyl-Lewis X (19) . However, Received June 25. 1997; accepted September 4. 1997 For reprints and all correspondence: Setsuo Hirohashi, Pathology Division, National Cancer Center Research Institute. 1-1. Tsukiji 5-chome, Chuo-ku, Tokyo 104, Japan Abbreviations: CT. computed tomography: MRI, magnetic resonance imaging these factors have rarely been utilized clinically, because of their low specificity in identifying liver metastasis and the complexity and impracticality of examinations.
Recently, we reported that 'focal dedifferentiation' (20) , a histopathological finding at the invasive front of primary colorectal cancer, was associated with liver metastasis. This finding was mainly defined by the morphology of cancer cells dissociating from the glandular structure and invading with solitary or trabecular nests, whereas stroma around focal dedifferentiation also frequently exhibited desmoplastic features with marked fibrosis and neovascularization, which suggested the activation of stromal reaction against invading cancer cells. Consequently, an overall estimate of morphological changes of both cancer cells and stroma may predict more accurately the metastatic potential of a primary tumor than an estimate of only cancer cells.
To estimate more accurately an overall feature formed by both cancer cells and stroma, we investigated the macroscopic features at the cut section of primary tumors. In examining and evaluating a large number of patients by multivariate analysis, we found a characteristic macroscopic feature at the tumor invasive region,
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which was a more simple and reliable indicator ofliver metastasis than established histopathological factors of colorectal cancer. Figure 1 . Macroscopic features at the cut section containing the deepest site of tumor penetration in colorectal cance r. Streak type is defined as an invasive pattern showing one or more white streak ts) (arrows) extending beyond the muscularis propria toward the serosa or adventitia. Non-streak type is defined as an invasive pattern without any while streak.
non-streak type streak type An unconditional logistic regression analysis was performed to assess the univariate and multivariate effe cts of various parameters on liver metastasis (21) , Histological type was evaluated as a nominal variable and other variables were evaluated by single-order variables in the model, as shown in the codes in Table  3 . This model selection was based on the forward stepwise procedure (enter limit 0.05) . Survival rates were calculated by the Kaplan-Meier method (22) and survival curves were compared by the log-rank test (23 A total of 553 patients who underwent surgery for colorectal cancer at the National Cancer Center Hospital between July 1984 and December 1988 were originally reviewed. Of these, 35 patients with synchronous or metachronous multiple cancers, 12 with familial adenomatous polyposis coli or chronic inflammatory bowel disease, 28 on whom there was incomplete clinical information of at least 5 years' follow-up , 33 who died of other diseases and 28 who underwent polypectomy were excluded from this study. A total of417 patients were finally entered into the study. Of these eligible patients, 37 had simultaneous liver metastases at the time of surgery and 343 were curat ively treated cases, of whom 65 developed liver metastasis during their follow-up period.
MATERIALS AND METHODS
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RESULTS
The diagnosis of liver metastasis was confirmed by ultrasonography, computed tomography (CT), magnetic resonance imaging (MRI) or histological examination on laparotomy.
MACROSCOPIC AND HISTOPATHOLOGICAL EXAMINATION
Using color photographs of cut sections containing the deepest portion of tumor penetration, macroscopic findings were divided into two types, streak type and non-streak type (Figs I and 2). Streak type was featured by an invasive pattern with one or more white streak(s) extending more than I em beyond the muscularis propria towards the serosa or adventitia. All samples were examined independently by two observers (M.L and A.a.) and any differences were resolved by a joint review. Seven histopathological variables were examined: histological type, depth of tumor penetration, lymphatic invasion, venous invasion, focal dedifferentiation (20) , inflammatory cell infiltration and lymph node metastasis. TIle location of venous invasion was divided into two groups: intramural (submucosal and muscular layer) and extramural (beyond the muscular iayer). Cases in which venous invasion was observed in both the intramural and extramural layers were classified in the extramural group . 
<0.001
The white streak, which was macroscopically observed at the invasive region of streak type tumor, corresponded histopathologically to marked stromal and perivascular fibrosis extending towards the serosa or adventitia (Fig. 3) . In approximately one-third of cases with streak type tumor, cancer cells invaded the extramural vein in the white streak, filling the vein and adhering to the vein wall. In these regions, invading cancer cells frequently showed focal dedifferentiation, exhibiting desmoplastic stromal reaction, where fibroblasts and endothelial cells with enlarged nuclei and basophilic cytoplasm were found (Fig. 4) .
PREDICTIVE VALUE FOR LIVER METASTASIS
In 343 patients undergoing curative surgery, univariate analysis showed that recurrent liver metastasis was associated with the macroscopic features (p < 0.001), venous invasion (p < 0.05), focal dedifferentiation (p < 0.05) and lymph node metastasis (p < 0.001) ( Table 3 ). The sensitivity, specificity and predictive value of macroscopic features as an indicator of liver metastasis were 60, 85 and 79%, respectively, and the false-positive and false-negative rates were 12 and 10%, respectively. Multivariate analysis revealed that the macroscopic features and lymph node metastasis were independent predictors of liver metastasis ( Table 4 ). The predictive value of liver metastasis based on the macroscopic features and lymph node metastasis is shown in Table 5 . The frequency of recurrent liver metastasis of patients having no lymph node metastasis with streak type tumor was 18.2% compared with 7.3% for those with non-streak type tumor. The frequency of recurrent liver metastasis of patients having lymph node metastasis with streak type tumor was 66.7% compared with 18.3% for those with non-streak type tumor. In 343 patients undergoing curative surgery, the 5-year survival rate in patients with streak type tumor (70.3%) was significantly lower than that in patients with non-streak type tumor (89.2%, p < 0.05) (Fig. 5) .
DISCUSSION
Macroscopic investigation of the cut section of colorectal cancer provided characteristic features at the tumor invasive region and, The white streak, which was macroscopically observed at the invasive region of streak type tumor, corresponded histopathologically to invading cancer cells often involving the extramural vein with marked perivascular fibrosis, where a high degree of focal dedifferentiation was frequently found. Hence the features of streak type tumor were formed by a marked stromal reaction against invading cancer cells, suggesting that a cancer-stromal interaction was important in regulating cancer metastasis. In estimating the morphological features of both cancer cells and stroma, our data suggested that it was more effective to examine the macroscopic appearance than individual histopathological findings, such as venous invasion and focal dedifferentiation.
In conclusion, this study clarified that the macroscopic features, which corresponded to the behavior of stroma against invading cancer cells, correlated well with liver metastasis and survival of patients with colorectal cancer. We hope that these simple and useful macroscopic features will be clinically useful and further contribute to pathological and biological assessment. according to the presence or absence of these macroscopic features, all cases examined were divided into two types: streak type and non-streak type. In our series, streak type tumor was closely related to the liver metastasis and characterized by deep wall invasion, frequent extramural venous invasion and a high degree of focal dedifferentiation. In addition to the lymph node metastasis, these histological parameters were predictors of liver metastasis. Hence it is reasonable that the streak type tumor featured by these histopathological findings was a significant indicator of liver metastasis. Since neither venous invasion nor focal dedifferentiation was an independent predictor of liver metastasis in multivariate analysis, macroscopic features and lymph node metastasis were most important in assessing liver metastases. The patients with lymph node metastasis, categorized as Dukes' C group (24) , constituted approximately half of those undergoing curative surgery. Therefore, the macroscopic features combined with Dukes' staging system may help in the identification of patients at high risk of liver metastasis and these patients could then benefit from intensive chemotherapy (3) (4) (5) . Furthermore, the survival rate of patients with streak type tumor was significantly lower than that of patients with non-streak type tumor. These macroscopic features are also useful as a prognostic indicator of colorectal cancer. As a histopathological parameter for estimating the nature of the tumor margin, we used focal dedifferentiation (20) . This is similar to 'tumor budding', which refers to microscopic clusters of undifferentiated cancer cells just ahead of the invasive front (11) or the 'infiltrating' type of Jass classification, which is characterized by deep, wide infiltration by isolated, individual tumor cells (13, 14) . Focal dedifferentiation exhibits a desmoplastic stromal reaction with marked fibrosis and neovascularization in addition to morphological changes of cancer cells at the tumor invasive front.
